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Prelm inary study on the activity of formaldehyde and its distant-site toxicity
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Absdtract: The distant-site toxicity of fomaldehyde is a key question concerning the relationship of fomaldehyde and leukemia In this study we used
DNA -Protein Crosslinks (DPC) and M TT assays to detect the distant-site toxicity of fomaldehyde The results showved that the DPC coefficient of the
cambined group wasmuch higher than that of the ssparate group exposed o the same dose of fomaldehyde, however, we found the cell activity dropped
significantly in the combined group campared t the sparate group. The same resultwas al found in animal experiments W hen mouse liver was exposed
to fomaldehyde, the brain tissuewasdamaged In the body, fomaldehyde can fom a complexwith GSH, which may help the fomaldehyde cross the cell
menbrane and re-enter fomaldehyde-free cells inducing a distant-site toxicity The fomaldehyde-GSH complex may be regarded as“ active
fomaldehyde”.
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1 ( Introduction) ’
, ( , 2006).

( , 2006). : ,
(l ” ) ,

(Heck etal , 1985) ,

: (Na 30570799)
Suppor ted by the National Natural Science Foundation of China (Na 30570799)

(1982—), ,Emmail: xiasohualou@yahoa com cn; * ( ), Emmail: yangxu@mail ccnu edu cn

Biography: LOU Xiaohua(1982—) ,male, ETnail: xiaohualou@yahoa com. cn; * Corregponding author, E-mail: yangxu@mail ccnu edu cn



608

(Janes, 1983). Stephen

GH -H , S
(GHHCH,0OH) , ,
, , S
GH (Stephen, 1988).

. GH
GH +HCHO = GSCH,OH
REACTDN 1
GSCH,OH + NAD" = GSCHO + NADH + H" (GS
FDH)

Reacron 2

GCHO +H,0=GH +HOOOH (FGH)

REACTON 3
2 (M aterials and methods)
21
10% , ,
(NAD™), DNA Hoechst33258
SIGVIA : 1640
M erck
Q0, ; ( Eppendof-
5415R) ; (E600) ; F-4500
; ; ImL ;
— ()
() - (E-PB); ()
GH () () GH
( NAD"); () GH
( NAD"); () GH
( NAD ") “ "
;) GH (
NAD ") “ "
22
:Hd.a
1640 10%
, 95%,
5%, 37,
DPC ; 6 1
6 J—

GH “ "
, EP 37 1h,
DPC
MTT
12 mol L™ 24Q mot L ™*

6Q mol- L°*
48Qu mot Lt

,2 5
48h
MTT . 4h,
, 20Qu L
10min 5min,
490m 450 mMm oD
(1) GH
(1),
MTT
23
: 30 (SPF
), 18 20g,

30 6

) . DFC
, Kcl-PS
DPC

2 4 Kcl-DS DPC
KCI-DS
Zhitkovich ~ Chakrabarti
1992; Chakrabarti et al , 1999)
( , 2004).
DNA

DPC
( Zhitkovich et al

DNA,
DNA

, DNA
DNA

DS

DNA

DNA

, 6000r min*
Q 5mL pH 75

, Q 5mL 2% DS , 60

3min, BS



3 609
10min , , 10Qu L 1y =2 4423 +0 0028x, r =0 9988
Kcl-TridHCI (Kcl TrisHCI F-4500 ,
1.0mol L°Y  20mmot L ', pH 7 4), DNA DNA,
6 ImL , DNA DPC
, 5min, , 32
. 10000 min"*, 4 5min 321 Hela DFC 2 Hela
, 5mL , DPC , FA
1mL , , 60 FA-GH (FA,
10min, 5min,10000Fmin'l,4 p<0 01; FA-GH, p<Q 01),
5min, 2 DPC ; GH
. K 0 2 , GH DPC : FA-GH
mgmL ' ImL , 37 3h, FA (p<Q 05), GH
, 5min, 12000 ¥ min™* DPC
4 10min, . h
-1 026 ‘5.
400ng mL Hoechst33258 1mL, 024F I
30min, e 3 1
0.18 **
, DNA o 016
DPC W 0.14 [
v 0121
25 & 010F
.- 0.08F
Origin6 0 0.06 - . b
0.04 - '3
, t- 0k
002_ | l n | 1 1 1 1 1 | )
,p<0 05 w4 PMSE4 PR4 GSH4L FA-GSH 4
3 (Reaults)
2 Hela DPC (* *: p<0 01,
31 DNA . * p<Q 05, FA-GH A ; CFA,
DNA 1000 mot L " Y; GH, 100Q mot L °1)
] Fig 2 TheDPC coefficient of different groups in Hela cells
0 100 300 500 750 1000 1500 2000
3000 5000 ng mL"* DNA ,
1 322 Hela MTT MTT
ImL 400 ng mL
Hoechst33258, 200 1
1 . 3 6Qu mol L
ngmL ~, 30min, F-4500
(p<Q 05),
350 m 450 rm -1 -1
1 12Q mol- L 240 mol- L
] : ’ 48 mol LY, ,
12Qu mot L~ *
- , : 240 mol- L*
g 48Qu mot L ~*
» (p<Q 01).
1 1 L 1 1 1 1 1 1 1
0 1000 2000 3000 4000 5000
DNA/(ng-mL") G&H
4" 1
1 DNA 12@ mol- L™" 24 mol- L' 480

Fig 1 The standard curve of DNA concentration

umot L™t GH ,



610 29

12 mot L™ 240 mol L™ 480 mol L~ * p<Q 01, : p<Q05), F-G( +NAD")
: p<Q 05 F-G(- NAD") (p<
p<0 01 p<Q 01 GH 0.05). GH DPC
, , GS_' 113 ”
0.6 i Dml GS I
| & 13 ” ,
05 -
I 1 T r afif
m 041 012 7
a - o
; asl " 010 - I
Rt - 0.08 - s
= B o 1
§ 02 -— ‘5.0.06 B h
* 3 N
0.1 Q004 |
0 [ P N P I (PO I P T 002 C cls
EA=Poi] 60 120 240 480 0
Y /(mg-L ) control E-PPB GSH HCHO  F-G F-G
(-NAD+) (+NAD+)
M3 R PR A oo f b. & a
Fig.3 Effect of different concentrations of HCHO on cell activity 0.08 +
007 - >
055 0.06 C +
0501 i goos -
R I I o Q004 |
a 0401 ] s Q903
S 035F el
® 030F . 002 -
025f 44 001 |- lj—‘ [—'—I
2 020 oL v s [ [ I PR T R T
g o1sF " contol E-PPB GSH HCHO  FG F-G
0.10 iy (-NAD+) (+NAD+)
005 ﬂ I’"I
T A AT T T T A N rou “ » B
4L 60 60+60 120 120+120 240 240+240 480 480+480 B RENREFR"NA,RFRNETTREN DIC %
M BE /(mg-L7) B(* *:p<0.01, 554HXMM;"™. p<0.01, FA-
GSH 5 FA xtH; *: p<0.05, FA-GSH ( + NAD*)
M4 SMPMS GSHARRUEHBMERNBE( + .p S TAGEE € ~ BEG™ 5 5l M T, 1000
<0.03; & +:p<0.01, HEEHNIE;": p<0.05, ™ pmol-L~'; GSH; 1000 pmol-L-'; FA-GSH < 1000
-1 -1
p<0.01, 60pumol - L™" Bl B + 60pumol - L' GSH 41, pmol-L 1)
-1 -1 o
120pmol - L™" Hl BE + 120umol - L™" GSH 4. 240 Fig. 5 DPC coefficient of different groups in liver and brain cells
pmol-L ™" E + 240pumol - L' GSH 41 ,480umol - L~ with non-purified “active formaldehyde”
I + 480umol- L' GSH 4 5 ¥k Fi % 60pmol - L' |
120 wmol+L~" 240umol+L~" 480umol-L "' %f ) 332 ‘ "
Fig. 4  The same dose of GSH and formaldehyde effect on DPC KCI-DS
cell activity DPC 6
33 ) , F-G( - NAD ") F-G
331 “ " (+NAD") (p
< ) _ _ + _ + +
DRC KCI-DS 001); FG(-NAD) F-G( +NAD ")
DRC DPC ( :p
5 G <005 p<001, : p<Q 01). “
” Dm , 13

(-NAD") F-G( +NAD")
(p<Q 01); F-G(+NAD")
DPC (

2 © 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



3 . " 611

GH ,

-z
3
O
8

2003).
0.08 =
ﬁ 113 ” D m
o 0.06 GH B .
a
0.04

| PRI Bhen g L |

Rl | -
Olllllll r 1R 0 S

control  E-PPB GSH  HCHO F-G F-G
(-NAD+) (+NAD+)

1 1N ¢ ‘ " :

0.10 |- |, p .
- T (']

008 |- 4 2 Hela MTT

012 b. il

**

DPC #¥
o
&

i ' (Shimizu et al ,
i 1999) , Wang (2001)
002 |-

ommml el ol C

control  E-PPB GSH  HCHO F-G F-G
(-NAD+) (+NAD+)

0.04

M6 #AUEM“FEHFRR"IIRF. REARFFRAN

DPC R (* *: p<0.01, 5% AMAXM; *: p< . Teng  (2001) ’
0.05, *™. p<0.01, FA-GSH 415 FA %ttt ; 4 W i : (PTPC) , C
FA, 1000pmol - L™"'; GSH: 1000pmol - L~"; FA-GSH: )
1000 wmol-L~") GH
Fig. 6 DPC coefficient of different groups in liver and brain cells , GH
with purified “active formaldehyde” S
4 (Discussion) ' ' ’
C 1
4 1 13 ” Dm
DPC 1 (1) 43
) ) , . Thrasher
, (Thrasher et al |,
DNA 2001). ,
DNA DFC, )
€ - AlG , GH,
. hisone—NH—CH, —NH— DNA ,
Renee et al , 2000; Quievryn etal , 2000); (2 i
( Quievyn )i (2) 5 (Conclusions)
, DFC . 1) (< 6Qmot L")

24 © 1994-2009 China Academic Journal Electronic Publishing House. Al hts reserved.  http://w cnki.net



612

29

(=12 mol L") ;

GH , )
GH
2) 100Q mol L™* DPC
, GH DPC
, GH DPC
3) GH —S
S - DPC,
(1954—), ,
) . 25 ,
200 . Efmail: yangxu@mail ccnu edu cn
( References) :

Bunde R L, Jarvib E J, Rosentreter JJ 2000 A piezelectric method
for monitoring fomaldehyde induced crosslink fomation betveen
poly-lysine and poly-deoxyguanosine [J]. Talanta, 51: 159—171

Chakrabarti S K, Bai C J, Subramanian K S, etal 1999 “ DNA-
protein crossinks induced by nickel compounds inilated rat renal
cortical cells and its antagonisn by 9ecific anino acids and
magnesium lon” [J]. Toxicol Appl Phamacol, 154(5): 245—255

Gibon J E (Ed ) 1983 Fomaldehyde Toxicity[M ]. New York:
Hemiphere Publishing, 154—165

Heck H d A, Casrova-Schmiz M, Dodd FB, etal 1985
Fomaldehyde concentrations in the blood of humans and Fischer-
344 rats exposed © CH, O under controlled conditions [ J].
American Industrial Hygiene A sciation Journal, 46: 1—3

) , , . 2004 DNA -
[J]. ,15(4):
4—7

LiuY S LuZsS YawgJW, etal 2004 Quantification study on the

DNA protein crossiinks of human blood lymphocytes induced by

fomaldehyde [J]. Hubei Joumnal of PreventiveM edicine, 15 (4):
4—7 (in Chinese)

Naylor S, Maon R P, Sanders J KM, etal 1988 Fomaldehyde
adducts of glutathione [J]. Biochem, 249: 573—579

Quievryn G, Zhitkovich A. 2000, Loss of DNA -protein crosslink from
fomaldehyde-exposed cells occurs through gontaneous hydmlysis
and an active repair process linked t proteosome function [ J].
Carcinogenesis, 21(8): 1573—1580

Shimizu S, NaritaM, Tajimob Y, etal 1999 Bcl-2 fanily proteins
regulate the releae of gooptogenic cytochrame c¢ by the
mitochondrial channel VDAC [J]. Nature, 399: 483— 487

Teng S, Beard K, Pourahmad J, etal 2001 The fomaldehyde
metabolic detxification enzyme systans and molecular cytotoxic
mechanisn in iolated rat hepatocytes [ J]. Chen Biol Interact,
130: 285—296

Thrasher JD. 2001 Embryo toxicity and teratogenicity of fomaldehyde
[J]. Archivesof Enviomrmental Health, 56: 300—311

, . 2006 *“ "
[J1. ,17(3) : 43—45

Wang K, Qiao Y K, Cao Y, etal 2006 The concept of“ active

’ i

Fomaldehyde” and the Mechanisn of fomaldehyde molecules
across cell membranes [ J]. Hubei Joumnal of Preventive M edicine,
17(3) : 43—45 (in Chine)

Wang X D. 2001 The expanding role of mitochondria in gpoptosis [ J].
Genes and Development, 15: 2922— 2933
, . 2003
[A] [C].

,96—103

Yang X, Ding SM. 2003 Indoor gassous fomaldehyde toxicity and
biological markers[A ]. The first indoor enviormental security and
sustainable development in intemational forums Pgpers[ C]. 96—
103 (iin Chinese)
. 2006. [J].
2044

Zhang d 2006 The progress research of fomaldehyde toxicity [J].
Careers and Health, 22(23) : 2041—2044 (in Chinese)

Zhitkovich A, Costa M. 1992 “ A smple, <ensitive assy o detect

,22(23) : 2041—

DNA-pmotein crosdinks in intact cells and in viw” [J].
Carcinogenesis, 13(8) : 1485—1489



